Introduction
Let G, G be a compact connected Lie group and its based loop space, whose multiplication maps are , respectively. We denote the free loop group of G by LG(G), which is the topological group of all continuous maps from S 1 to G. Then LG(G) contains G as its normal subgroup and LG(G) is the semi-direct product of G and G. Thus LG(G) is homeomorphic to G2G and we have the following commutative diagram:
LG (G) 2 LG (G)
LG (G) LG (G) is a map dened by 8(l; g)(t) = l(t) 1 g, 0 is the multiplication map of LG(G) and ! is the composition (1 G 2 T 2 1 G ) (1 G 2 Ad 2 1 G ) (1 G 2 1 3G 2 1 G 2 G ): Here Ad is the point-wise adjoint action of G on G and T is the transposition. This shows that the knowledge of the Hopf algebra structures of the 1 homology rings of G, G and the induced homology map of Ad enable us to know the Hopf algebra structure of the homology ring of LG(G).
Moreover, in [8] , it is showed that provided G is simply connected, H 3 (Ad; Z=p) is equal to the induced homology map of second projection if and only if H 3 (G; Z) is p-torsion free. This implies that, if we assume G is simple, non-trivial cases are G = E 8 for p = 5, G = F 4 ; E 6 ; E 7 ; E 8 for p = 3 and G = G 2 ; F 4 ; E 6 ; E 7 ; E 8 ; Spin(N) for p = 2. The induced homology map of Ad is in all these cases except for (G; p) = (Spin(N); 2) were investigated in [1] , [2] , [3] and [4] .
In this paper we compute Ad 3 , the induced homology map of Ad for the case of (G; p) = (Spin(N); p) and consider the mod 2 homology ring of LG (Spin(N)). In the rest of this paper we use Z=2Z as the coecient ring of cohomology and homology unless mentioned. 2 Generating variety Spin(N) is the universal covering group of SO(N) and the mod 2 cohomology of them are well known as follows. In other words, by the induced homology map of the natural inclusion 0 SO(2m + 1) ! 0 SO(2m + 2), H 3 ( 0 SO(2m + 1)) is a subring of H 3 ( 0 SO(2m + 2)).
Remark In [7] , all the computations are done with its coecient ring Z and notations are dierent from those in this paper. If N = 2n + 1, b j , b 0 n+j (0 j n 0 1) in this paper are mod 2 reduction of j , 2 n+j in [7] respectively and if N = 2n + 2, b j , (1 j m 0 1), b n+j 0 (1 j 0 m), b n and b 0 n in this paper are mod 2 reduction of j , 2 n+j 0, n + and 2 in [7] respectively. Here remark that j 's and are elements of H 3 ( 0 SO(N); Q).
Moreover the coproduct can be determined easily since we know the algebra structure of the cohomology ring of the generating variety. From now, we consider the even case, because, by the above theorem, one can deduce the result for odd case from that for even case. In this section we set N = 2m + 2 and G = SO(N). We consider a map : SO Here by the induced cohomology map of the natural projection SO(2m + 2) ! SO(2m + 2)=U(m + 1), x 2i 2 H 3 (SO(2m + 2)=U(m + 1)) is mapped to x 2i 2 H 3 (SO(2m + 2)) and also, in [5] it was shown that p 0 3 (s) = m t m + e; p 0 3 (t) = t where e = P m i=1 (01) i x 2i t m0i . This implies p 0 3 is injective. We can easily show that ad 3 (x 2i ) = 1 x 2i + x 2i 1 7 and this implies 00 3 (x 2i ) = 1 x 2i + x 2i 1 and 0 3 (x 2i ) = 1 x 2i + x 2i 1: Thus we can proceed the computation as:
( 1 2 Now we summarize the above results. Proof. We prove in x5 that in Proposition 4.3 is zero. Then the statement for even m is true.
Because H 3 (SO(2m + 1)) is a subalgebra of H 3 (SO(2m + 2)) and adjoint actions commute with the respective inclusions, the whole statement follows. 5 Determination of in Proposition 4.3
To determine we introduce a map from SO(2m + 2)G s to 0 SO(2m + 2) dened as follows.
Let f and g be the compositions of maps g s and (1 2 g s ) Ad 0 respectively. We put 0 as 0 (x; y) = f(x; y)g(x; y) 01 : Refer to the diagram below. Here remark that 0 j SO(2m) 2 G s is the constant map by Lemma 3.1 and also 0 0 i, where i is the inclusion of SO(2m + 2) into SO(2m + 4), is homotopic to the constant map.
There is an inclusion of RP n01 into SO(n) denoted by j n , which is dened by attaching a line l 2 RP n01 with the composition of a xed orientation reversing self linear map A n of R n and the reection in the direction of l. We set Proof. By the denition, 0 = (1 2 ) (f 2 g) 1 SO(2m + 2) 2 G s where is the map of taking the inverse in 0 SO(2m + 2). Thus we can proceed the calculation as:
